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PTO: 2002-1071 

Japanese Published Unexamined Patent Application (A) No. 52-139523, published 
November 21, 1977; Application Filing No. 51-56838, filed May 17, 1976; 
Inventor(s): Masayoshi Shinjoo et al.; Assignee: Daikin Engineering, Inc.; 
Japanese Title: Water-Repellent Writing Ink 

WATER-REPELLENT WRITING INK 

CLAIM(S) 

A water-repellent ink manufactured by adding 0.01-5 weight % of 
copolymer to a general writing ink, the copolymer being composed of 10 - 90 weight 
/o of fluorine containing monomer having a perfluoroalkyl group with carbon 
atoms 3-21 and of 90 - 10 weight % of monomer having a hydrophilic group. 
DETAILED DESCRIPTION OF THE INVENTION 

The present invention pertains to a water-repellent writing ink, more 
specifically, to a water-repellent writing ink that is not smeared even when it is wet 
after written. 

Of the writing ink, a generally used bluish black ink is a bivalent iron salt 
solution composed of gallic acid and of tannic acid. When it is put on paper, the ink 
is exposed to the air and oxidized, becoming an insoluble trivalent iron salt, which is 
water-repellent. This oxidation reaction, however, requires a long period of time. 
So, if water is accidentally dropped on the paper or paper is exposed to rain after 
writing, the ink is smeared contaminating documents, so the documents often need 
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to be rewritten. It has been perceived that a problem of an ink run on contact of 
water cannot be improved with an ink to which an insolubility reaction does not 
occur, e.g., a color ink such as a red ink, or water based-ink contained in a marker. 

The present invention was produced to improve this problem by adding 0.01 - 
5 weight % of copolymer, which is composed of 10 - 90 weight % of fluorine- 
containing monomer having a perfluoroalkyl group with carbon atoms 3-21 and of 
90 - 10 weight % of monomer having a hydrophilic group, to an ink. With this ink, 
the stability is not undercut, and the ink shows excellent water-repellency 
immediately after put on paper. 

As a paper processing agent for providing water-repellency to paper or fiber, 
a paraffin group, silicon group, and fluorine group is well known. As a compound 
for improving the sizing of paper, there are starch, carboxymethyl cellulose, and 
polyvinyl alcohol that are sold on the market. But, the paraffin group compound or 
silicon group compound is primarily an emulsion type emulsified in water 
containing a surfactant, or it is dissolved in petroleum group agent. Since they are 
not water-soluble type, they cannot be mixed with a writing water-based ink. The 
sizing agents, such as starch, carboxymethyl cellulose and polyvinyl alcohol, are 
water-soluble but are ineffective unless a large amount is used, and its stability is too 
poor to be practically used. The fluorine-containing copolymer made of 
perfluoroacrylate ester is widely used in form of a water dispersion or organic 
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solution as a water-repellent and oil-repellent agent for paper but is not soluble in 
water even if an auxiliary solvent is used. 

The inventors of the present invention, after having studied a method to add a 
fluorine-containing water-repellent and oil-repellent agent having excellent water 
and oil-repellency to an ink with stability, without undercutting its effect, found that 
a copolymer of fluorine-containing monomer and of hydrophilic group-containing 
monomer is dissolved in an ink with stability, and that the ink demonstrated 
excellent water-repellency when used for writing on paper without being smeared or 
erased when wet with water. 

The copolymer used for the present invention needs to contain a fluorine- 
containing monomer by 10 wt. % or more, more preferably, 20 - 60 wt. %. With the 
copolymer containing the fluorine-containing monomer by 10 wt. % or less, the 
water-repellency cannot be produced. The copolymer used for the present invention 
needs to contain 10 wt. % or more of monomer having a hydrophilic group, more 
preferably, 15 - 50 wt. %. With the copolymer containing hydrophilic group- 
containing monomer 10 wt. % or less, the copolymer will not be dissolved in an ink. 
The copolymer used for the present invention may by copolymerized with another 
monomer as the third constituent element, which is to be mentioned later. 

As for the monomer containing perfluoroalkyl group with carbon atoms 3- 21 
that is used for manufacturing the copolymer of the present invention , the 
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compound with the following structures can be cited. 



R 
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(I) RfBOiNR'OOCCH' = CHj 

it) Hf (CH t )nOOOfl f = CHi 
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(3) RfCONR'OOCCR' = CHi 
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(6) R f C Hi CHO O CR* = C Hj 

(6) Rf(CHt)nCOOCR f = CHj 

(7) R.f (CHi)nOCR'= C H 2 



In the structures, Rf indicates the perfluoroalkyl group with carbon atoms 3 - 
21; R indicates an alkyl group with hydrogen or carbon number 1 - 10; R' indicates 
an alkylene group with carbon atoms 1 - 10; R" indicates a n hydrogen or methyl 
group; R" indicates an alkyl group with carbon atoms 1-17; n indicates integers 1 - 
10. 

As for the monomers having a hydrophilic group used for manufacturing the 
copolymer of the present invention, the following can be cited: polymerizable 



carboxylic acid having a carboxylic group, such as acrylic acid, methacrylic acid, 
itaconic acid, maleic acid, and its amide; vinyl pyrrolidone; polymerizable sulfonic 
acid and its amide; polymerizable compound having a hydroxyl group; 
diacetonacryl amide; polymerizable phosphoric acid derivative, and alkylene oxide 
adduct of polymerizable carboxylic acid. The structure of all of the above are 
shown below. 

(1) CBl = CR'O OO ( CI, CHj O )n H 

(2) OHj = CR'COO( OH, CHj O )nCHi 

(3) CHi = OH'OOCOOHi OH( CHa ) DnOR 

(4) CEi = CH'CO(OOH|CHi)aO-/^-R 



In the above structures, R indicates an alkyl group with hydrogen or carbon 
atoms 1 - 10; R' indicates a hydrogen or methyl group; n indicates integers 1 - 50. 

As for the monomer copolymerizable with above two types of monomers, the 
following can be cited: aliphatic vinyl esters, such as acrylic acid, methyl of 
methacrylic acid, ethyl, butyl, isobutyl, propyl, 2-ethylhexyl, hexyl, decyl, lauryl, 
stearyl, P-hydroxyethyl, glycidol esters, acetic acid, propionic acid, caprylic acid, 
lauric acid, and stearic acid; styrene compounds, styrene, cc-methyl styrene, p- 
methyl styrene; vinyl halides or vinylidene compounds, such as vinyl fluoride, vinyl 
chloride, vinyl bromide, vinylidene fluoride, and vinylidne chloride; aliphatic aryl 
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esters, aryl heptanoate, aryl caproate, and aryl caprylate; vinyl alkyl ketones, such 
as vinyl methyl ketone, and vinyl ethyl ketone; dienes such as 2, 3 - dichlor-1, 3 
butadiene and isoprene. 

The polymerization can be conducted in an aqueous medium containing a 
polymerization initiating agent, more preferably, by solution polymerization. The 
copolymer can be added to an ink while it contains an organic solvent after the 
polymerization, but if necessary, the copolymer is extracted by evaporating the 
organic solvent before being added to the ink. 

The copolymer of the present invention is not dissolved in water, so it is first 
dissolved in an organic medium contained in an ink, such as glycerine and lime 
acid, before it is added to an ink. 

By adding 0.01 - 5 weight % of this copolymer to a water-based ink such as a 
red ink or that for a marker, an ink improved in water-repellency can be 
manufactured. With the adding amount 0.01 wt % or less, the water-repellency is 
not effective, but with 5 wt % or higher, it is not any better. Therefore, adding more 
amount is not economical and may even prevent the ink's stability. In the present 
invention, adding amount of said fluorine group copolymer is so low that writing 
with the ink come out well and the ink is immediately effective in water-repellency. 
Furthermore, the fluorine copolymer is extremely oil-repellent, therefore, is 
resistant for oil and organic solvent. 
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The embodiment example of the present invention is explained below. 
(Embodiment Example 1) 

The ink of the present invention wherein the fluorine-containing copolymer of 
Table 1 is added was used for writing, set aside for 5 days in a room, immersed in 
water for 30 minutes, and its smear level was examined by naked eye. The result is 
shown in Table 2. @ indicates there was no smear at all; 0 indicates that there was a 
little smear; A indicates that the ink is slightly faded; x indicates that the ink is 
erased. 

(Embodiment Example 2) 

The admixture of compound 5 g and lime acid lg shown by 5 in the table is 
dissolved in water 94 g, and after a tip end of a black marker tip made by Penteru 
Corporation was immersed in said solution for 10 seconds, the ink was used for 
writing. After 3 days, water was dripped on the paper and set aside for 10 minutes. 
The ink smear was not found at all. On the other hand, when the pen was not 
soaked with said solution, the characters were smeared and were not legible at all. 
Table 1 

Key to the table 

1. Added copolymer 

2. Fluorine-containing monomer 

3. Chemical bond structures 
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4. Hydrophilic group-containing monomer 

5. Chemical bond structures 

6. Other copolymerized monomers 

7. Names 

8. Mixture weight ratio 

9. Styrene 

10. Mixture weight ratio 

11. Ethyl acrylate 

12. Vinyl pyrrolidone 

13. Acrylic acid 

14. Ethyl acrylate 

15. Acryl amide 
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Table 2 

Key to the table 

1. Experiment number 

2. Ink 

3. Added fluorine-containing copolymer 

4. Compound 

5. Adding amount (%) 

6. Method of adding 

7. Effects 

8. Smear 



9 
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9. Stability 

10. Added after dissolving in a minute amount of lime acid 

11. Added after dissolving in lime acid 

12. Black ink 

13. Added after dissolving in a minute amount of lime acid 

14. Blue ink 

15. Added after dissolving in a minute amount of lime acid 

16. Red ink 

17. Added to a red ink without dissolving in lime acid 
Red ink... a pure ink made by Pilot Co. 

Black ink... balck ink made by Pilot Co. 
Blue ink... Ink blue made by Pilot Co. 
A, B, Q... Reference groups 
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